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ABSTRACT. — Many parts of the Andean highlands are grasslands. In these areas, 
the inhabitants need to use dung regularly for fuel. This fuel use is also a likeh 
scenario for the pre-Hispanic past. Because of this, we must be careful about 
interpreting plant taxa that possibly could have entered the archaeological record 
via burned dung. To better understand the sources of small seeds in xerophytic 
Andean sites, we charred samples of modem dung from three regions in the Andes 
to assess their charred seed contents. We find that seed contents in charred dung 
differ by region and by animal. Our data suggest that certain co-occurring see 
taxa in camelid dung may be considered a likely dung signatures of these anima s. 


RESUMEN. — Muchas partes de la zona alta andina son pastizales. En estas areas, 
los habitantes necesitan usar regularmente estiercol como combustible. Estt uso 

. ... ... • — i— i—i---i pasado prehispanico. 


LUUIUUMlUlt IcUllLMtll Ull C^CllCUi^' r -i . 

For ello, debemos tener cuidado acerca de la interpretacion de taxa \egeta es q 
posiblemente puderian haber entrado en el registro arqueologico por ' ,a 
estiercol quemado. Preocupadas acerca del origen de semillas pequenas en si ' 
arqueologicos andinos en ambientes secos, llevamos a cabo un experim 
quemando estiercol animal moderno para estudiar ^u conteni o e T 
carbonizarlo. Hemos quemado una serie de estiercoles animales modernos de 
regiones de los Andes. Presentamos los resultados de estos expe r ... 

quemando estiercol moderno de los Andes para evaluar su conteru c ^ , 

carbonizadas. De las tres regiones de los Andes encontramos que os a. 

difieren por region y por animal. La co-presencia de ciertos '"ftrmas" de 

comun para los camelidos como para ser considerados prooao 
estiercol, a tomarse en cuenta al hacer interpretaciones de datos. 

RESUME.— Plusieurs parties des Hautes-Terres des ^^^^^ts comme 

t t _J.x mont c a nn etre repandu durant la penooe 


>anique. Ainsi, nous devons etre prudents to sq - j e 

de plantes qui on, pu se ghsser dans les 

^ excrements brules. Preoccupes par 1 ongine »- I- nrocede a une 

de sites environnementaux secs des Andes, nous avo 


biais d 
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experimentation en carbonisant des excrements d'animaux modernes pour 
connaitre leur contenu apres la carbonisation. Nous avons carbonise une serie 
d'excrements d'animaux contemporains provenant de trois regions andines. Nous 
presentons les resultats de ces experimentations visant a evaluer le contenu 
carbonise des graines provenant d'excrements d'animaux modernes des Andes. 
Nous avons decouvert que les taxons de plantes different selon chacune des trois 
regions andines par region et par animal. Certains taxons cooccurrents se 
presentent assez frequemment dans le cas des camelides pour etre traites comme 
des "signatures" d'excrements pouvant etre prises en consideration dans 
l'interpretation des donnees. 

The goal of this study was to assess burnt animal dung as a source of seeds in 
archaeological soil flotation samples from the Andes of South America. Dung is a 
common constituent of flotation samples from the Andean highlands (Brownian 
1986:140; Hastorf 1993; Lennstrom 1991; Johannessen and Hastorf 1990; Pearsall 
1983, 1988, 1989; Wright, Hastorf, and Lennstrom, in press). Dung is also a pre¬ 
ferred fuel source for many uses today in the high, dry grassland regions of the 
Andes mountains (Winterhalder, Larson, and Thomas 1974). Archaeologists have 
found dung fragments in excavated soil flotation samples for some time and are 
aware of its importance as a fuel source (Browman 1986; Pearsall 1988). The extent 
of dung use and it's impact on the interpretation of plant assemblages from ar¬ 
chaeological sites continues to be an issue in paleoethnobotanical interpretation. 
Thus, we set out to assess what seeds occur in dung, what happens taphonomically 
to those seeds when they are burned, and how the seeds in dung reflect the local 
Andean environment. We hope our data may contribute to better modeling of this 
aspect of past human behavior and plant use. 

ETHNOGRAPHY OF DUNG USE 

Today, dung from many domesticated animals, e.g., cow, sheep, goat, guinea 
pig, llama, and alpaca, is used as fuel, but it is particularly camelid dung that we 
find in the archaeological samples. We believe that domestic camelids, the llama 
(Lama glama L.) and alpaca (L. pacos L.) were the most important dung sources in 
most archaeological settings. Llamas are the more common species today, but a 
pacas may also provide dung. Llamas and alpacas mark their territory by defecating 
in mounds. Thus, their dung is easily collected from both corraled or free ranging 
animals. Camelid dung is large and sufficiently distinctive that fragments in floate 

soil samples are identifiable. 

In the Andes, the traditional cooking fire is most often a small hearth, wnfj 
baked earth sides, placed against a wall. Where hearths are protected from win , 
they are typically above-ground and thus oxidizing in nature. Most are fne6 
heavily twice a day, then left to smoulder for hours. Most habitation compoun 
have a pile of fuel in the cooking area. Some families maintain a dung pil e 
nearby corrals that is periodically treated to make it better fuel (Sikkink 

Dung, twigs, maize cobs, straw, and wood are used in these fires (Johanness 
and Hastorf 1990:67). Next to wood, dung is the preferred traditional cooking 
in the Jauja region of Peru (Johannessen and Hastorf 1990:68). Watia* or fie 
ens in modern Bolivia and Peru use large quantities of camelid dung as 
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roasting meat, potatoes, vegetables, and cheese. These slow and steadilv burning 
tires remain hot for hours. As ovens may be dug slightly into the earth, they can 
produce more of a reducing atmosphere. Chavez (198b) and Sillar (1*^4) attest to 
the preference for camelid dung as fuel in the open-air firing of pottery, built and 
burned above ground. 


ARCHAEOLOGICAL PATTERNS 

In our work with archaeological materials from the Middle Horizon site ot 
Tiwanaku 1 in Bolivia (ca. AD 400-1000), camelid dung remains show a distinctive 
depositional pattern among the excavation areas (Wright, I lastorf, and 1 ennstrom, 
in press). It would appear that in many areas, dung is being treated differentIv 
from other refuse. Not all areas within Tiwanaku display the same intensity ot 
dung use. For example, dung is more likely than other archaeobotanical remains 
to occur discretely in pits rather than being distributed across floor and living 

^ a ■ « a 4 . • » f f ** _ 1 


We 


inhabitants 


thnic 


-r V'----- Q I * 

differences at that capital city. 

In addition to pieces of dung recovered from the flotation samples, we h.ne 
also found many seeds that might have entered the record by wav ot dung burn¬ 
ing. Clearly, dung was at settlements and was probably used as a fuel. What we 
hope to clarify here is the range of plant taxa represented by and the conditions of 
the seeds that might have entered the site through the u^e of dung as fuel. Thoe 
results will inform interpretations of the archaeobotanical evidence in different 

Andean cultural contexts. 

Seeds in Andean dung. — The vast majority of seeds recovered from samples exca¬ 
vated at Tiwanaku 1 are of small weedy taxa that could be from animal ung. 
decided that a controlled study of the seeds in modem burned dung samples of 
knowm provenience would contribute to our understanding o t i n 

archaeobotanical samples, not only from the Tiwanaku excavations, > 

environment archaeological sites in general. We need to better un ^ r ^ an 
sources of seeds that we find in our soil flotation samples in ore er to e e r in c r 

pret the activities they represent. /100 ,. 

Miller (1984. 1997). Miller and Smart (1984), and Miller and C. eason • 


World 


seed 


regions 


ot dry environments such as steppes ana mgn.nuu..^*..-^ - 

of fuel are scarce. However, we cannot simply assume t at a SI ™V , 
ered from flotation on sites in dry environments are 
and Rowley-Conway 1997). There are man\ pat . 
chaeological record (Pearsall 1988). 


Laboratory 


now housed at the University of Cali¬ 


fornia 


modem 


— UVC1 II It -- 

Pem, Argentina, and Boliv ia, locations 


The 
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animals in these areas are known, so we may determine the plant taxa actually in¬ 
cluded in the dung, and more importantly, identify the taxa which survive burning. 

Such a study of plant use and seed transformation also provides a means to 
investigate ecological zone use archaeologically, since it is known that contempo¬ 
rary and prehistoric Andean plant assemblages vary quite dramatically by altitudinal 
zone (Pulgar Vidal 1946; Weberbauer 1945). If dung samples from different areas 
and various animal species produce readable "signatures" of weedy plant assem¬ 
blages that reflect local plant communities, this study will provide a more concrete 
understanding of seed densities and taxa attributable to archaeologically burnt dung, 
as opposed to direct human use of the small seed taxa. 


METHODS 


Pre-tests. 


First we designed a burning strategy to mimic the most likely types of 


dung by 


---- f --' ----- r T ----’-- w 

burning. An initial pre-test of five camelid dung burnings was undertaken, vary 

ing the atmosphere, temperature, and length of heat treatment. In addition, one 
control dung sample was analyzed unburned. The oxidized samples were burned 
in an open environment using wood matches as tinder, as wood is easily distin¬ 
guished from dung matrix and seeds under the microscope post-firing. The 
reducing samples were embedded in sand within a metal container and heated 

Bunsen burner until charred. Burning time was five-six minutes for the 
oxidizing samples and 210-240 minutes for the reducing samples. Samples were 
burned until they were charred throughout. The temperature of the reducing 
samples ranged from 200° to 600° C. The temperature of the quick-burning oxidiz 

incr c^mnloc t* ne ^4-U11 ^K1 ^ ~ TlrPSP lTlltl^l 


over a 


burnings were completed in an attempt to determine which conditions best repro 
duced past dung use, especially to assess the preservation in flotation sample dung 


(n 


3/10 


seeds/10 


29/10 


in 


unburned sample (n 


/ 3-1/4 


the 

de- 


— ^ii — if. i nes>e ngures indicate rnai i / j -i / ** ui -- 

stroyed during the burning process. However, the burning did n0 *^ eern e ^ 


oxidizing and reducing conditions was not significant either. In addition, the re a 
tive proportions of the different plant taxa present after the burnings do notappe 
radically different, as can be seen in Figure 1. This is logical, given that the see 
taxa represented are all small, compact, and dense. 


the differences between 


mini* 

this 


mal, we elected to burn the rest of the samples in an oxidizing atmosphere, as - 
required much less burn time. It may also better represent what actually happ^r* 
to most dung in past hearths when it was burned for fuel. Though some o 
would have been covered by ash sufficiently to have been burned in a re u 
atmosphere, most was burned with an open flame in an open hearth. 

The burned samples. 


From our Archaeobotany Laboratory collections, we sele' ^ 

nf Hiino- cxcflt r r* tv* «/A -alcr* crilint i 3 PlJ? \ 


camelid 
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crucifer 



21 % 
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5 % 2 % 



smlgrass 
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Total Reducing (n=2) 
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55 % 
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5 % 
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lump 2% 2 % 

7% 


cheno 

5 % 


fabac 
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FIGURE 1.— Pre-tests only: Pie charts showing relative composition of seedsi m 

Bolivian camelid dung samples, untreated and treate \ reducing an t 

. . . . ° _ r-_ e\is-a hoAHincr«. see Appedix id. 


burning 
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TABLE 1. — Source and location of the dung samples. 


A rU'PTl f 1 y\ ck 

Guinea Pig 

■ 

/ ^ — — — — » p- • ^ • 

Goat 

Camelid 

Total 

r\i llll Id 

Peru 

Bolivia 

Total 

0 

5 

0 

3 

0 

0 

0 

7 

16 

3 

12 

16- . 

5 

3 

23 

31 


!ted a werh^ WanakU in £ Bo,ivia ' and Cachi in Argentina. As our dung waslim- 
further samnl ° dun S f° r each sample. For comparison, we analyzed a 

mentioned ihn ° Unbum f § uinea P»g d “ng- Along with the six test samples 
samples vari^/if' WC anal T zed a tota l of 31 ten-gram samples. The number of 
Table 1 ^ amma species and by source region. These data are listed in 

rable with fh^? CUS ] V ^ 3S ° n cameBd dun g from Bolivia in order to be mostcompa- 
reeions to pain ° Ca 1 ^ ana ^ u samples. However, we added other animals and 
(16) of our aS ?^ UC ^ orma tion as possible about dung in the Andes. Half 
and analvzpd ^ are / rom B°li v ia; 23 of the 31 are from camelids. We burned 

north-west Arge'nHna 1 ^ ^ § ° at dUng collected from the valleys near Cachi in 
Peru; seven of campliA ^ V ° sam P ,es of dun g came from the Mantaro Valley in 
of guinea nip H Un ^ were codec ted in the nearby high puna; five samples 

and 16 samnl, f § Wer ^ co,,ected ^om a household on the Mantaro Valley floor; 
the site of Tiw^n°, Came ^ d dun g derived from the fenced enclosure surrounding 

montane valleylocati'ons 16 a ‘ tiplan ° ° f B °' iVia ' " ear Lake TitkaCa ' a " high ^ 


The experiment. 


ourning Wp ^ sam pJes to be burned was weighed prior to and after 

don" u g as ^^H re T ded ,hC bum time once completed. As in the pre-test, the 
there were no m ^ tOP °a the '8 mted w <>od tinder for about five minutes. When 
burned residnp ames (although sometimes still burning embers), the 

and prSg"hh^t I h I^ 3 ° f ge ° IOgka ' SkVeS ' ^ ^ 

mm werp ,,d ^ ^ t0 aid tBe se paration. Sieves of 2 mm, 1.18 mm, and 0.5 


The 


sorted under 

•omnVpd and 


mains were removed. 


The 


The 


were recorded bv Hyp c- and seed fragments greater than half of the seea 

tions of the differpm \ , g ure 2 displays pie charts showing the relative propor- 
analyses in an ^Hptv> re g‘ on ar> d animal. We undertook further statistic 

act as "signatures" T ° * plant taxa or combinations of taxa which might 

Window- - - r certain animals nr ri-irfam t r i /Yn f O ( I 1 


r ' * v/i kURM lo ui w n*'- ^ 

na pr^^ a ' n an * ma ^ s or certain environments (using SAS for 
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Camelid n=15 
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other 
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smlgrass 
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cactus 

71% 


N.B. The Guinea Pig samples (n . 5, from Peru), including one unburned sample (see 

sample 23 in Appendix 1), contained no identifiable seed> 

FIGURE 2. - Pie charts showing relative composition of seeds from burned dung 
samples by region and animal; for comparison, the one unbumed camelid sample ,s 

shown in Figure 1. 
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RESULTS 


We present the results of our burning experiment in two major categories; by 
the animal producing the dung and by the region where the dung was collected. 
The complete data set is listed in Appendix 1. Both the region and the animal 
taxon affected the results. It is unfortunate that due to the limited samples avail¬ 
able, we were not able to separate these two variables completely. Nevertheless, 

n e v. an ''till draw some useful conclusions about seeds entering the archaeological 
record via burnt dung. 


Bi/ animal. In this larger sample, animal type (and region) did have a significant 
effect on what seeds are contained in the dung, unlike the pre-test when there 
v\ere no major differences. We were unable to examine these differences system¬ 
atically across all three animal taxa and all three zones, since all the goat dung was 
from Argentina and we had no camelid dung from there. Therefore it is difficult to 

" bethe l the differences observed are due to animal behavior, to location, or 
both (Figure 2). 

One difference is clearly related to the animal species. Guinea pig dung, both 
charred and uncharred, contained no recognizable plant macroremains from ei¬ 
ther Bolivia or Peru. (We had no guinea pig dung from Argentina.) Apparently 
guinea pig digestion rarely allows for whole seed survival. 

Some differences emerge from an analysis of the contents of the goat dung 
from Argentina and the camelid dung from Bolivia and Peru. The three goat dung 
samples average 5.33 plant taxa per sample (16-59 seeds/sample). The 23 camelid 
samples average 4.60 plant taxa/sample (4-46 total seeds/sample). Thus, goat dung 
^ as more productive of seeds than camelid dung, and the goats grazed less 
iscriminately, as a greater range of plant taxa appeared in their dung than in that 

of the camelids. 


• v. he ran ^ e P^ an f s represented in the dung seed assemblages are compared 

wit t e current local plant communities in the three regions, the difference be¬ 
tween the two : — - - ■ — ° - - * 


cjumidis is noteworthy. I he environment around Cachi, Argenmu. 
S a .f e l ! ti y ely s P arse > high, dry desert (Heyne 1992) with perhaps fewer species 
\/ V n* 3 r r £ razers Vy hen compared to the altiplano grasslands of the Tiwanaku 

a e berbauer 1945; Pulgar Vidal 1946) or the Peruvian puna, which is like 

Ttf 3 ^ r' an< ^ co °l' hut slightly wetter (Weberbauer 1945; Tosi I960)- 
nough there were fewer plant taxa available, the goats utilized a broader range 
p nttaxa. We may 7 infer that voats arp Ip«;<; ili«;rrimin3iinty orazers than canielids, 


o aumore microenvironmental zones. 

. , 6 ei S f most commonly occurring plant taxa from all large animal dung samp es 

a en ogether (in decreasing order of frequency) are 1) Relbunium (Rubiaceae), 2) sma 
grasses,:) Chenopodium (Chenopodiaceae), 4) Malvaceae, 5) Fabaceae (wild legumes), 

) large grasses (mainlv Stirm \ 7\ ___ ,_i_\ _ j o\ These 


ability' 


DISCRIM) 
identify 


j _ ds>semDiages to asstKiate with and therefore iuc.—/ 

j S ^ r . uc ^ n S fhe dung (Table 2). Based on this analysis, 100% of 

une samples werp mn-orfiw _i /rm; r . ✓ -.i ^o/ 


dung samples 

i J - vjf /O YLUai tdlllUltt ^WIU 1 ^ -- 

H| d ' ‘’b %% ° f camelid dung (both Bolivian and Peruvian samples) 

seedless camehd sample was misdassified as guinea pig. 


One 
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TABLE 2.- 

Discriminant analysis by animal taxa. 



ANIMAL 

Guinea Pig 

Goat 

Camelid 

Total 

Guinea Pig 

5 

0 

0 

5 


100.00 

0.00 

0.00 

loo.oo 

Goat 

0 

2 

- 

3 


0.00 

66.67 

33.33 

100 oo 

Camelid 

1 

0 

22 



4.35 

0.00 

95.65 

100.00 

Total 

6 

2 

23 

31 


19.35 

J6.45 

74.19 

100 00 

Priors 

0.1613 

0.0968 

0.7419 



These clusters suggest that the seed taxa should allow us to identify correctl\ 
the animal that produced the dung in these different environments. These results 
also have interesting implications for analyzing Colonial assemblages, where sheep, 
goat, or cattle dung may have been used as fuel in addition to camelid dung, If 
these dung occurred on a site, we might be able to model their entrance into the 
deposits and therefore the extent of their use. Archaeologically, however, the onlv 


resu 


from 


For the altiplano therefore, we are only concerned with the seeds that entered the 
pre-contact archaeological record via camelid dung use. 

By region. — The differences in the plant taxa found in the dung are most striking 
when regions are compared. The three sources of dung — Bolivia, Peru, and Ar¬ 


gentina 


The Argentine goat 


(n = 3) are overwhelmingly Cactaceae, with some Chenopodium and grasses. The 
Peruvian camelid assemblages (n = 7) are dominated by grasses, with significant 
amounts of wild legumes and sedges, and some Chenopodium. (The five guinea 
pig samples from Peru contained no identifiable seeds.) I he fifteen Bolivian camelid 
samples, are dominated by Relbunium , with grass as the next most common plant 
category, along with some Malvaceae, Chenopodium, and Fabaceae ild legumes) 


We 


We 


^ 111 M. V. C/ ^ * V. ' VI ^ v ^ # 

the eight most common plant taxa, in order to see how accurately one could idtn 
tify the region from which the dung came from the plant assemblages present in 
the dung (Table 3). The region was correctly classified in 67% of the Argentine 
samples, 88% of the Peruvian camelid samples, and 94% of the Bolivian samples. 

In an attempt to refine the discriminating power still more, the four most com¬ 
mon taxa from each location were combined to create new discriminating \ aria i es. 

FACTARG, FACTPERU and FACTBOL. FACTARC includes Cactaceae + Cfienopo- 
dium + small Poaceae + Cyperaceae, FACTPERU has small Poaceae + Fabaceae 
(wild legume) + Unknown 312 + Cyperaceae, and FACTBOL includes Relbunium 
+ small Poaceae + Malvaceae + large Poaceae. Using only these t f 5, 

correct classification increased to 100% for Argentina, 88 o for Peru, an ° or 
Bolivia (Table 4). Thus it would appear that we have fairly good regiona su 

ture' plants within the dung seeds we analyzed. 
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TABLE 3. — Discriminant analysis by region. 


SITE 

Argentina 

Peru 

Peru 

Bolivia 

Total 


(goat) 

(camelid) (gu 

inea pig) 

(camelid) 


Argentina (goat) 

2 

0 

1 

0 

3M| 


66.67 

0.00 

33.33 

0.00 

100.00 

Peru (camelid) 

0 

7 

1 

0 

8 


0.00 

87.50 

12.50 

0.00 

100.00 

Peru (guinea pig) 

0 

0 

4 

0 

4 


0.00 

0.00 

100.00 

0.00 

100.00 

Bolivia (camelid) 

0 

0 

1 

15 

16 


0.00 

0.00 

6.25 

93.75 

100.00 

Total 

2 

7 

7 

15 

31 


6.45 

22.58 

22.58 

48.39 

100.00 

Priors 

0.0968 

0.2581 

0.1290 

0.5161 

——— 


TABLE 4. — Discriminant analysis by region, using regional factor variables, 
defined by the four most common taxa within the dung. 


SITE 


Argentina (goat) 


Peru (camelid) 


Peru (guinea pig) 


Bolivia (camelid) 


Total 

Priors 


Argentina 

(goat) 

3 

100.00 

0 

_0.00 

0 

0.00 

0 

__ 0.00 

3 

9.68 

0.0968 


Peru Peru 


(camelid) (guinea pig) 


0' 

0 

0.00 

0.00 

7 

1 

87.50 

12.50 

0 

4 

0.00 

100.00 

1 

0 

6.25 

0.00 

8 

5 

25.81 

16.13 

0.2581 

0.1290 


Bolivia Total 

(camelid) 



It is a worthwhile exercise to compare the plant assemblages in dung from t 

different regions with contemporary regional plant communities. The Peruvian 

and Argentine dung assemblages correlate fairly well with the known mo ^m 

plant communities. The dry landscape around Cachi, Argentina, is dominate ) 

cacti and leguminous trees, as is the archaeological wood assemblage (Heyne 

The Peruvian camelid samples were collected in the high moist puna, an area 0 

nated by grasses (Weberbauer 1945; Pulgar Vidal 1946). The presence of se g 

su gg es fs fhat camelids do occasionally feed in areas near streams and springs wi 

their grazing ranges, a preferred habitat for sedges. In fact, camelids do like m 
areas. 

The Bolivian plant community is somewhat anomalous when compam 
t e plant taxa represented in our sample dung from that region. We wou 
a\ e predicted the high percentage of Relbunium found in the dung given ^ 
mg plant community in that part of the Tiwanaku Valley. The camelids from v* 
e ung was collected graze primarily in the enclosed precinct of the am 
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logical site of Tiwanaku. The seven most common plant taxa, alter Rtlbumuw, in 
the 16 Bolivian camelid dung samples that we studied, are (in order of abundance), 
small Poaceae, Malvaceae, large Poaceae, Fabaceae (wild legume), Qit'wop.xnii'ri. 
Cruciferae, and Plantaginaceae. Howexer, a botanical reconnaissance of the area 
did not reveal significant concentrations of Relbunium. Instead, this zone is dome 
nated by ichu grass (Stipa sp.), tola (Baccharis tnicrophill, Asteraceae), and khoo 
(Mentha puleguir and Satureja boliviana, Lamiaceae), with a lesser number of legu¬ 
minous creepers (Astragalus), Asteraceae, and other grasses (Hastort, Lennstrom, 
and Wright, field notes). This contrast suggests that the camel ids are feeding pref¬ 
erentially on Relbunium . If this is so, Relbunium present in i ttbonizet in haeologu al 
assemblages from the altiplano, or at least in the Tiwanaku Valley sites, ma\ 
asa signature" of burnt camelid dung. I lowever, some Relbunium -pp were used 
in the pre-Inka Andes as source of a red dye, so there could be othet explanation. 

for the presence of this taxon in a site. 

Pearsall (1988:103) identified seeds from three modem camelid dung samp v 

from the Junin puna, a high, wet plain like the puna from which weco 

J * V ^ <« • i thoSC c ^vtvrAfi^iV 


Opuntia flocc 


Sev 


modern 


Flannery had Pickersgill look at the llama food 


1989 


pod 


Thi 


a wna tegume {/istragaiusj , I1CI1 ^ ‘ i lRava Poru have tracked alpaca 

Range management stud.es at the heki statu , < < ^ ^ a)ter with 


the season 
have learned 


of the year, but in general alpacas too consume a broad dM Wule we 

nave learned that large camelids can eat man) t ings, i e £ curnes 

prefer grasses, Cvperaceae, with some PUmUgo (P ' bea) k , d bv , 

(Bryant and Farfan 1984:333). Of course, the camelids a u .. . (jes )mon „ 

caretakers, which might affect the plant rem .j 1 " wild legumes are com- 

these analyses suggest that Rritammn, vvild ^ ^ ass | ands S C)ur data and 

Pearsall's indicate a special place for RMumun m an puna 

occurred in two of Pearsall's three samples, in three of our sex 

samples, and in all 16 of our samples from Bolix ia. 

IMPLICATIONS FOR ARCHAEOLOGICAL INTERPRETAT! 

„»..no.. 


The dung samples 


<3 b SOClc) 


ignature" taxa 


facilitate conclusions about dung as a 

able to collect data from a specific stuc,, nf the 

zones. It would be worthwhile toexammetie ^ and Poa incon junc- 

such as Relbunium and the wild grasses, su J ^^j r ip a For starters, one 

tion with dung fragments at sites such as ^ jdentjfiable Jung fragments 

may note patterns in the d,s p bl | ‘1” frequencies of seeds normally occurring in 
tound in soil flotation samples. If the q 
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dung are different than in the dung fragments, we may better understand the 
effects of dung fragmentation. One could also construct a "weighting" or "mark¬ 
ing" variable for the regularly occurring dung seed taxa and apply it to interpret 
contexts where that combination of seed taxa occurs. Some excavation locations 
would have both dung fragments and these dung seed taxa, but some may have 
only the seeds. In either case, we could use such "marking" to characterize more 
sensitively the distribution of dung at sites, and to gain hints about the processes 
by which the fragments have broken down. In this way we may be better able to 
infer the presence of camelid dung as well as gain information about the levels of 
trampling and destruction that may have occurred in different locations on a site. 


CONCLUSIONS 


nus mouesi experimental study demonstrates tnat camenu uung uumcu « 
fuel is a likely source of seeds in Bolivian archaeological flotation samples. Dung 
seed content appears not to differ significantly in different burning atmospheres. 
Thus, a wide variety of burning conditions could have left dung seeds at sites, 
although there will be some taphonomic seed loss from burning. Seed taxa in dung 
differ depending on the animal species from which the dung is derived, the sea¬ 
son of the year, and the region. In particular, guinea pigs tend not to eat seeds, 
while goats and Andean camelids do. The selectivity of the grazer may play a role 
in the diversity of seeds present in the burnt dung, and certain plant taxa maybe 

oreferrpd hv rprf-ain anlm^lc Tkir dlpw nc in recoeni 


// 


recognize 

signatures" of dung present at specific sites. 

By far the most significant differences in seed taxa seem to be due to geo 
graphical (environmental) location. The seed-from-dung assemblages for the three 
areas are statistically different. Although the plant taxa present are largely the 
same (with some notable exceptions), their proportions vary significantly. An anah 
sis of the relative proportions of assemblages of "likely dung seeds" can also viek 
information about what parts of the landscape are being most strongly utilized b) 
camelids. For example, Relbunium and grasses found in modern Tiwanakucame i 
dung reflect a pampa grassland diet. They do not suggest that these animals ha 
access to wetlands, as did their Peruvian congeners. 

^ However, there are some notable problems to this approach. First, the sourc 
of likely dung seeds" cannot be unequivocally assigned to the burning of dung 
Grasses, sedges, and other small weedy taxa may have been used as construed 
materials, in wool dyeing, or directly as fuel, or they may have been by-p 1 " 0 uC 

r\f - _ 'i .. J J . -_^.r^rr»nS.aS 


—.. as puut-iy manufacture, winnowing, ui * n 

v\ell as entering the archaeological assemblage through natural processes (Pear.' 
1988). The results of our experiments show that dung regularly contains see ^ 
and that if dung was being used regularly as a fuel (as is attested by the P resel \ 
of burnt fragments of dung), many of the "likely dung seed" taxa probably ca 


from dung. 


A second problem is that seeds present in dung do not necessarily refine ^ 
it taxa present in the landsranp in whirh rhn ^nim^k were feeding/ as ® 
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samples have a preponderance of Relbunium, a plant which is not as common in 
the landscape as its proportion in the dung would suggest. However, thi remain¬ 
ing seed taxa do reflect the grassland habitats in which the animals like to teed 
The presence of certain species may also represent the season during which the 
dung was deposited. Provisioning animals with fodder, such as w e see todav with 


tion of the ecological zones the camelids were using. 


interpre 


This study of seeds obtained from dung samples and the models we have 


a* p rest 


important step in learning to deal with those small, dense, weedy seeds that make 
up the majority of archaeological flotation samples in the south central Ande 


S. dS 


in other xerophytic places of the world. The patterns of seeds we hav e identified 
may contribute to the analysis of past landscape use, foddering activities, camel id 
husbandry, as well as dung use at archaeological sites. 
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taken from every level and every' feature during the excavations in > ' \qyf.\ 

These were processed with a mechanized flotation machine (mtx i a n 

and the light and heavy fractions were sorted and botanical remains'• grea ‘ 

extracted and where possible identified, to family if not to genus. > 0 a 

procedures are described in greater detail in Wright et al, in prt. 
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